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SUMMARY 


® 

This@repo?t  summarizes  the  development  work  on  the  improved  external  cargo 
sling  that  was  developed  at  Vertol  Division  -  Boeing  Airplane  Company,  The 
improved  sling  designated  the  "cargo  swing"  was  compared  to  the  standard 
sling  for  H-2.1  helicopters  in  a  previous  flight  test  program  which  is 
reported  in  Vertol  Report  R-177.  The  present  work  was  initiated  to  improve 
the  "cargo  swing"  by  modifications  which  now  make  it  acceptable  for  potential 
retrofit  on(s,H-21  helicopters.  However,  some  redesign  in  the  interest  of  » 
weight  reduction  and  cost  considerations  for  quantity  production  would  be 
desirable  if  the  swing  is  retrofitted. 

The  cargo  swing  was  designed  to  locate  the  effective  point  of  suspension 
of  the  cargo  nearer  the  center  of  gravity  of  the  helicopter.  The  effective 
point  of  suspension,  when  utilizing  the  swing,  ranges  from  approximately 
26  inches  to  34  inches  below  the  normal  c.  g.  of  the  H-21  helicopter  depending 
on  the  angle  of  lateral  swing  of  the  external  cargo  with  respect  to  the  heli¬ 
copter,  (Reference  Figure  7).  The  effective  point  of  suspension  of  the 
standard  sling  lies  at  134  inches  below  the  normal  c.g.  of  the  H-21  heli¬ 
copter.  By  using  the  swing  concept,  coupling  is  reduced  between  lateral 
motion  of  the  cargo  and  rolling  motion  of  the  helicopter. 

O 

The  cargo  swing  pivots  at  67  inches  below  the  c.g.  for  longitudinal  motion 
compared  to  134  inches  effective  suspension  point  below  the  c.g.  for  the 
standard  sling  Therefore,  coupling  between  longitudinal  motion  of  the  load 
and  pitch  of  the  helicopter  is  also  reduced  with  the  cargo  swing  but  to  a 
lesser  degree  than  for  lateral  motion  For  tandem  rotor  helicopters  further 
improvement  in  longitudinal  stability  and  control  is  unnecessary.  The 
primary  consideration  in  the  cargo  swing  design  was  to  improve  the  rolling 
stability  of  the  H-21  helicopter  when  handling  external  cargo. 

In  the  program  reported  in  Vertol  Report  R-177,  the  external  cargo  sling 
was  evaluated  in  comparison  to  the  standard  cargo  sling  on  an  Army  H-21C 
helicopter.  The  program  involved  flying  under  stabilized  flight  conditions 
from  0  to  50  knots  with  sling  loads  of  2200  lbs.  and  3200  lbs.  and  cargo 
cable  lengths  between  the  hook  and  the  cargo  of  0,  5,  and  10  feet.  All  flights 
were  made  under  wind  conditions  of  less  than  15  knots.  All  flights  comparing 
the  cargo  swing  to  the  cargo  sling, as  well  as  flights  on  the  current  program  , 
were  made  by  the  same  pilot 

In  addition  to  the  stabilized  runs  mentioned  above,  stabilized  Vmax  runs  of 
83  knots,  limited  by  the  confines  of  the  field,  with  a  2200  lb  load  and 
cargo  cable  lengths  of  5  ft,  and .10  ft.  were  made  utilizing  the  swing  system. 
Vmax  for  the  standard  cargo  sling  was  65  knots  for  the  same  load  and  cable 
lengths,  and  was  limited  by  excessive  lateral  sway  and  longitudinal  pitching 
of  the  helicopter.  Rapid  accelerations  and  decelerations  (flares),  both  left 
and  right  sideways  flight,  and  both  left  and  right  extreme  rolls  with  the 
various  loads  and  cable  lengths  were  also  performed  on  both  the  cargo  swing 
and  the  cargo  sling.  Oscillograph  instrumentation  records  of  pitch  rate,  roll 
rate,  roll  attitude,  longitudinal  stick  position,  lateral  stick  position,  and 
air  speed  were  taken  for  all  of  the  above  flight  conditions  on  both  the  cargo 
sling  and  cargo  swing  during  the  original  program. 


The  modifications  to  the  cargo  swing  ,that  were  made  in  the  current  program  , 
consisted  of  redesign  to  improve  the  retraction  of  the  swing,  new  fuselage 
attachment  fittings,  addition  of  a  manual  emergency  cargo  release  system, 
and  incorporation  of  a  swivel  at  the  hook  to  permit  freedom  for  load  rotation 
A  more  detailed  description  of  these  modifications  are  as  follows: 

* 

1.  *  Redesign  to  improve  retraction  of  the  swing  -  A  trunnion  e 

was  installed  at  the  lower  corners  of  the  swing  so  that 
the  apex  can  pivot  relative  to  the  main  arms.  This  permits 
the  swing  apex  and  cargo  hook  boom  to  be  retracted  (nearly) 
parallel  to  the  lower  fuselage  skin  line  as  shown  in  Figure 
5.  A  hand  winch  was  tied  into  the  standard  H-21  sling  re¬ 
traction  system  for  this  program.  An  electrical  winch  is 
recommended  if  retrofit  is  desired. 

2.  The  main  arm  fuselage  attachment  fittings  are  redesigned 
to  provide  for  full  swing  motion  to  any  possible 
combination  of  fore  and  aft  and  lateral  angles.  There  is 
now  no  possibility  of  recurrence  of  the  bolt  failure 
experienced  at  Fort  Bragg  during  tests  conducted  by  the 
Airborne  and  Electronics  Board. 

3.  A  manual  emergency  release  system  has  been  provided  which 
connects  to  the  pilot's  manual  release  handle  and  also  the 
release  handle  located  in  the  aft  cabin  area  for  cargo  re¬ 
lease  by  a  crew  member.  The  manual  release  handles  actuate 
a  hydraulic  pump  with  a  self-contained  reservoir  which 
pressurizes  hydraulic  fluid  in  a  flexible  line  running  down 
the  swing  arm  to  a  hydraulic  cylinder.  The  hydraulic  cylinder 
is  mounted  on  the  center  swinging  arm  which  is  connected  to 
the  cargo  hook.  When  the  hydraulic  cylinder  receives 
pressurized  fluid,  it  pulls  upward  on  a  cable  connected  to 
the  mechanical  release  on  the  cargo  hook.  This  manual  re¬ 
lease  system  was  found  to  function  satisfactorily  but  requires 
precise  adjustment.  It  would  be  advisable  to  provide  a 
cylinder  with  a  slightly  larger  stroke  for  any  swings  in  a 
retrofit  program. 

The  modifications  were  made  on  the  two  cargo  swings  from  the  original  program 
and  wherever  possible,  the  old  parts  were  used.  The  two  modified  test 
swings  are  capable  of  a  maximum  of  4000  pounds  external  cargo  load  when  in¬ 
stalled  on  H-21  helicopters.  The  installation  was  proof  loaded  to  a  limit 
load  of  2.67  x  4000  pounds. 


In  the  event  it  is  desired  to  retrofit  the  cargo  swine*  rm  u-o’  w  i  • 

it  is  recommended  that  the  material  thickneS%  of  the  main  *  £el:|-coPters  > 

t- HQA  J  t  t  •  t  i  ■  S  S  O  i  Lu6  Hlfllll  cl  1  III  S  b6  lnr  T*PJ1 

"-o  ~  -  ™ 

Toe  testing  accomplished  on  the  current  program  assured  the  function  of  the 
“  ?  ”d\£LCa“°nS  a"d  aUo  v"1£ied  «>*  previously  reported  fUght  test 

esults .  Additional  flight  tests  conducted  with  ai  empty  Army  cones  box 

t^fg!'1’*-- of  tha  s"d-s  id”  "o-r:hichoxm„st 
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CONCLUSIONS 

@  Based  on  the  overall  test  program  of  the  original  cargo  swing  and  the  modified 
cargo  swing,  the  following  conclusions  were  reached: 

1.  Pilots  report  that  the  overall»handling  characteristics  of  the  H-21 
with  external  load  are  quite  similar  to  the  handling  characteristics 

with  internal  cargo.  © 

2.  Pilot  effort  required  to  maneuver  the  helicopter  carrying  typical  external 
loads  is  reduced  to  approximately  one-third  that  required  for  operating 
with  the  standard  sling. 

3.  High  speed  flight  is  now  possible  with  externally  slung  loads  (up  to  95 
knots  have  been  achieved) . 

4.  Offset  load  pickup  can  be  made  with  attachment  angles  up  to  20°  with  no 
appreciable  rolling  or  pitching  moment  buildup. 

5.  The  hovering  helicopter  can  be  rolled  to  angles  of  20°  with  3200  pounds 

of  external  cargo  without  exceeding  safe  lateral  control. 

© 

6.  Coordinated  high  speed  turns  carrying  3200  pounds  external  cargo  are  now 

,,  possible  (up  to  30°  bank  angle  and  70  knots  were  achieved)  . 

7.  Rolling  of  the  helicopter,  due  to  cargo  motion,  is  reduced  due  to  negli¬ 
gible  coupling  of  feedback  forces  between  external  load  and  the  helicopter. 

8.  More  rapid  accelerations  and  flares  with  external  cargo  are  soon  possible. 

9.  Modification  of  the  cargo  swing  to  improve  retraction  was  successful  (see 
recommendations) , 

10.  The  manual  release  for  the  cargo  hook  which  was  designed  to  tie  into  the 
existing  H-21  manual  system  functioned  satisfactorily  (see  recommendations) . 

11.  The  electrical  release  system  for  the  cargo  hook  which  is  wired  into  the 
existing  H-21  electrical  release  system  functioned  satisfactorily  through¬ 
out  the  testing. 

% 

12.  The  redesigned  fuselage  attachment  fittings  were  checked  out  on  the  ground 
and  in  flight  with  the  load  swinging  well  beyond  any  possible  angle  that 
could  be  achieved  in  normal  operations.  There  is  no  possibility  of  a 
repetition  of  the  attachment  bolt  failure  that  occurred  at  Fort  Bragg. 

13.  The  swivel  that  was  incorporated  in  the  cargo  hook  permits  rotational 
freedom  of  the  load  and  was  completely  satisfactory  in  operation. 

14.  In  general  it  is  concluded  that  the  H-21  cargo  swing  is  now  ready  for 
retrofit  on  H-21  helicopters.  Some  minor  design  changes  would  be  required, 
however  (see  recommendations) . 
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RECOMMENDATIONS 


In  the  event  it  is  desired  to  retrofit  the  cargo  swings  on  H-21  helicopters, 
°the  following  design  changes  are  recommended: 

1  For  operational  considerations,  the  manually-operated 
swing  retraction  winch  should  be  replaced  with  an 
electric  and/or  hydraulic  winch (controllable  from  the 
cockpit),  thus  eliminating  the  need  for  a  cargo  compart¬ 
ment  winch  operator.  A  cockpit  indicator  showing  swing 
position  (extended  or  retracted)  should  also  be  in¬ 
corporated  . 

© 

2.  Some  strengthening  of  the  standard  H-21  retraction 
system  should  be  made  since  the  cargo  swing  is  heavier 
than  the  standard  sling  used  on  H-21  helicopters. 

3.  The  hydraulic  portion  of  the  manual  release  system 

#>  should  incorporate  an  actuator  having  a  cylinder  with 

a  longer  stroke  so  that  less  precise  adjustments  would 
be  required  in  the  hook  release  mechanism. 

4.  The  main  arms  should  be  made  from  .090  inch  thick 
material  so  that  the  entire  swing  installation  will  be 
capable  of  a  5000  pound  design  load. 

5.  Some  redesign  is  desirable  in  the  interest  of  possible 
weight  reduction  and  to  incorporate  features  typical  of 
quantity  production. 
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•  i  INTRODUCTION 

The  work  reported  herein  was  contracted  for  under  Modification  II  to  Contract 
DA-44-177-TC-587 .  The  scope  of  this  project  consisted  of  modifications  to 
improve  the  external  cargo  swing  for  H-21  helicopters  which  was  originally 
evaluated  under  Contract  DA-44- 1 77-TC-578  and  reported  in  Vertol  Report  R-177  (Ref.  1) . 
The  design  improvements  were  incorporated  in  the  cargo  swing  and  installed 
on  an  H-21  helicopter.  The  installation  was  subjected  to  functional  test  and 
evaluation  both  on  the  ground  and  in  flight  with  external  cargo, 
e 

The  original  cargb  swing  development  was  an  outgrowth  of  the  multilift  program, 
Contract  DA-44-177  T&-481.  The  cargo  swing  concept  was  initiated  to  fulfill 
a  requirement  to  reduce  the  rolling  moments  induced  in  two  (2)  H-21  helicopters 
when  coupled  by  a  multilift  load  carrying  beam.  Contract  DA-44-177-TC-578 
#was  let  after  cancellation  of  the  multilift  project  to  provide  for  an  * 

evaluation  of  the  swing  concept  when  used  for  external  cargo  handling  work. 

The  successful  flight  test  evaluation  at  Vertol  cl&rly  demonstrated  the  value 
oof  the  swing  concept.  Improvements  were  recommended  since  several  features 
necessary  for  external  cargo  handling  work  were  not  required  on  the  more 
specialized  multilift  program  for  which  the  swing  was  originally  designed. 

However,  it  was  decided  to  send  the  installation  to  Fort  Bragg,  North 
Carolina,  for  service  evaluation  by  the  Airborne  and  Electronics  Board  prior 
to  incorporating  the  improvements.  It  was  felt  that  experienced  Army 
operating  personnel , familiar  with  all  types  of  external  cargo  handling  problems, 
could  determine  any  additional  improvements  that  might  become  evident  during 
a  service  evaluation. 

The  value  of  the  swing  concept  was  again  demonstrated  at  Fort  Bragg.  Near 
the  end  of  the  evaluation  a  failure  in  one  of  the  swing  arm  attachment  bolts 
occurred.  It  was  decided  that  sufficient  testing  had  been  completed  so  that 
positive  recommendations  for  improvements  could  be  made.  As  a  result  of  the 
Airborne  and  Electronics  Board  recommendations  at  Fort  Bragg,  Vertol  was 
awarded  Modification  II  to  Contract  DA-44- 1 7 7-TC-587  under  which  the  current 
work  was  accomplished. 

The  improvements  that  were  made  under  the  current  contract  and  reported  herein 
are  as  follows: 

(a)  Redesign  at  the  point  of  attachment  of  the  cargo  swing 

to  the  helicopter  fuselage  to  prevent  repetition  of  the  » 

attachment  bolt  failure  which  occurred  during  the  Fort 
Bragg  service  evaluation. 

(b)  Modification  of  the  swing  so  that  it  can  be  more  easily 
retracted.  ' 
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(c)  Provide  a  mandal  release  for  the  cargo  hook  to  tie 
into  the  existing  manual  release  system  presently 
used  in  the  H-21  helicopter. 

(d)  Although  not  specifically  required  by  the  contract, 
a  swivel  was  incorporated  in  the  cargo  hook.  The 
swivel  permits  the  cargo  to  rotate  freely  and  therefore, 
no  torsional  moments  are  transferred  to  the  swing. 

The  objective  of  the  present  work  which  was  accomplished  under  Modification 
II  to  Contract  DA-44-177-TC-587  was  to  modify  the  two  existing  cargo  swings 
so  that  it  could  be  demonstrated  that  the  concept  would  be  suitable  in  all 
respects  for  retrofit  on  H-21  helicopters.  Mainly  this  consisted  of  in¬ 
corporating  the  recommendations  for  improvements  listed  above.  The  final 
proof  of  these  changes  was  the  functional  testing  both  on  the  ground  and  in 
flight  at  Vertol,  and  a  service  evaluation  by  the  Aviation  Board  at  Fort 
Rucker,  Alabama. 


Description  of  Cargo  Swing 


A.  History  of  Swing  Development 

The  original  H-21  cargo  swing,  Reference  Figures  1  and  2,  consisted 
of  a  parallel  bar  linkage  hung  from  the  two  existing  aft  sling 
fitting  locations.  The  cargo  swing  ship  fittings  were  designed  to 
permit  lateral  and  longitudinal  swing  action,  but  it  was  found  that, 
under  an  extreme  combined  roll  and  pitch  motion  the  bolts  could  be 
subjected  to  bending  moments  which  may  result  in  ^failure.  The  pin 
joints  at  the  bottom  of  the  assembly  permitted  motion  of  the  hook 
boom  only  in  the  plane  of  the  swing  assembly  itself.  This  feature 
9  was  undesirable  for  retraction  purposes  since  the  hook  and  boom 
could  not  be  swung  forward  enough  to  obtain  ground  clearnace 
(Reference  Figure  3).  This  swing  did  not  have  a  swive 1^ device  to 
permit  rotation  of  the  cargo  hook.  The  releases  provided  were  the 
»  normal  electrical  release  and  a  cable  cutter  for  emergency  release. 
Retraction  was  effected  with  a  cable  through  the  aft  cabin  door. 

The  modification  of  the  swing  assembly  aircraft  fittings  was  also 
required  because  of  a  field  failure  of  one °bf  the  ship  fitting  bolts 
during  testing  by  the  Army  at  Fort  Bragg,  North  Carolina. 

B.  Swing  Configuration  as  Modified  in  tnis  Program  © 

The  modified  swing  assembly  retained  all  the  original  basic 
structural  frame  and  the  kinematic  configuration  (Reference 
Figure  4) .  The  aircraft  fittings  were  redesigned  to  allow  un¬ 
limited  simultaneous  lateral  and  longitudinal  motion  of  the  swing. 

This  precludes  repetition  of  the  bolt  failure  experienced  at  Fort 
Bragg. 

The  pin  joints  at  the  bottom  of  the  assembly  were  redesigned  to  allow 
the  apex  and  cargo  hook  boom  to  rotate  longitudinally  out  of  plane 
with  the  swing  assembly.  This  permitted  the  hook  boom  to  be  re¬ 
tracted  nearly  parallel  to  the  helicopter  underside,  thereby  allowing 
adequate  ground  clearance  for  the  retracted  swing  (Reference  Figure  5). 
A  swivel  was  added  to  the  hook  to  permit  external  cargo  to  rotate 
freely.  The  swivel  design  was  subcontracted  to  the  cargo  hook  vendor 
and  is  completely  compatible  with  the  hook. 

The  cable  (with  cable  cutter)  which  supported  the  hook  was 
eliminated  and  the  hook  and  swivel  are  now  attached  directly  to  the 
two  supporting  channels  pinned  at  the  apex.  An  independent  hydraulic 
emergency  release  replaced  the  cable  cutter  installation  and  the 
normal  pilot's  electrical  release  was  retained,  operating  through  slip 
rings  in  the  hook  swivel.  The  modified  swing  is  retracted  via  the 
standard  cargo  sling  retraction  system  with  an  additional  pulley 
mounted  on  the  aircraft's  underside  to  guide  the  cable  through  the 
fairlead  and  into  the  normal  retraction  system.  A  hand-operated 
commercial  winch  was  substituted  for  the  bungee  and  handle  assembly 
normally  used  to  retract  the  standard  sling  assembly  (Reference 
Figure  6)  . 


Structural  Design 
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The  cargo  swing  was  designed  to  criteria  as  shown  below. 

» 


Design  Load 
Limit  Load  Factor 
Limit  Load 

Normal  H-21  Operating  Load 
Maximum  Design  Load 
Maximum  Proof  Load 
Imposed  at  Test 


4,000  lbs.  (Test 
2.67 

id9, 680  lbs. 

3,000  lbs.  * 
5,000  lbs.  % 


Swings) 


* 


11,000  lbs. 

o 


T> 

*  Stress  analysis  of  cargo  swing  (Reference  Appendix  II)  was  for  a 
5000  pound  design  load  The  two  test  swings  used  on  this  program 
were  modified  from  the  original  cargo  swings.  The  main  support 
arms  were  originally  stressed  for  a  4000  pound  design  load.  Therefore, 
the  only  change  required  to  make  the  complete  swing  assembly  good 
for  a  5000  pound  design  load  is  to  change  the  main  arm  material 
thickness  from  081  to  .090  inches 


The  redesigned  pin  joints  at  the  bottom  of  the  main  arms  as  well 
as  the  aircraft  fittings,  swivel  assembly,  and  swivel  attachment  to 
the  hook  boom  were  designed  to  a  5000  pound  design  load.  The  standard 
cargo  sling  retraction  system  was  modified  by  the  addition  of  a  re¬ 
traction  cable  guide  pulley  on  the  aircraft  underside,  and  an 
additional  pulley  bracket  and  retraction  winch  inside  the  aircraft. 

These  components  were  designed  to  a  nominal  retraction  load  of  70 
pounds  with  a  2.67  limit  load  factor.  For  retrofit  kit  installation 
of  the  swings,  the  standard  retraction  components  in  the  system  should 
be  modified  for  the  higher  retraction  loads  imposed  on  them. 

Aircraft  Modification  Required 

The  following  modifications  to  the  H-21  helicopter  were  required  to 
install  the  external  cargo  swing. 

1  The  two  (2)  cargo  swing  aircraft  fittings  replace  the  original 
sling 'cable  attachment  eyebolts,  and  are  attached  at  the  two  (2) 
aft  standard  sling  holes.  Each,  fitting  requirr  s  an  add  i  t  .i  oiiaJ 
hole  through  the  skin  and  structure  for  an  antirotation  pin. 

2.  For  the  retraction  system,  sheet  metal  brackets  were  installed 
to  mount  the  hand  winch,  the  winch  lead-in  pulley,  and  the  lead- 
in  pulley  on  the  aircraft  lower  skin.  The  original  sling  re¬ 
tracting  cable  was  removed  from  the  cabin  bulkhead. 

For  the  release  system,  all  the  original  release  cables  were  re¬ 
moved,  the  actuator  for  the  electrical  release  was  removed,  and 
the  cable  tension  regulators  were  removed  from  the  pilot  and  crew 
chief  release  lines.  New  cables  replaced  all  the  old  cables. 
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For  the  emergency  release  system,  sheet  metal  brackets  were 
installed  to  mount  the  hydraulic  transmitter,  transmitter 
lever  return  spring,  guide  pulley  for  the  cable  actuating 
theg hydraulic  transmitter,  and  cable  fairlead  for  the  same 
cable.  A  doubler  was  added  to  a  hole  cut  through  the  battery 
support  for  cable  clearance.  A  hydraulic  line  was  installed 
from  the  transmitter  to  a  quick  disconnect  bulkhead  fitting  @ 
mounted  at  the  fuselage  skin.  New  electrical  wiring  was 
added  from  the  original  electrical  release  actuator  plug  to 
the  cargo  hook,  going  through  a  quick  disconnect  at  the 
fuselage  skin. 

The  flexible  external  hydraulic  line  and  electrical  wiring 
bundle  was  routed  from  the  fuselage  skin  quick  disconnect 
fitting  and  attached  to  the  main  arm.  The  bundle  is  routed 
over  to  the  hydraulic  cylinder  mounted  on  the  cargo  hook  boom 
(See  Figure  5) .  A  short  length  of  bungee  spring  loads  the 
bundle  aft  and  prevents  fouling  with  the  swing  during  extreme 
motions . 
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Figure  5  Modified  Improved  Cargo  Swing 

Shown  in  Retracted  Position 


Figure  6  Retraction  Winch  Installation 
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DISCUSSION  OF  RESULTS 


A .  Proof  Load  Static  Test 

Prior  to  flight  testing  of  the  modified  cargo  swing  it  was  statically 
loaded  while  installed  on  the  H-21  helicopter.  The  load  was  applied 
with  a  hydraulic  ram  and  measured  with  a  load  cell  as  shown  (Reference 
Figure  8).  Teste  results  are  as  follows: 

Longitudinal  Lateral 

Load  (Pounds)  Angle  (Degrees)  Angle  (Degrees! 

11 , 000  6  fwd  0 

11 ,000  24  aft  0 

11,000  0  20 


The  operation  of  the  new  hydraulic  pilot  and  crew  chief  hook  release 
and  the  manual  pilot  electrical  release  was  checked  out  satisfactorily 
at  a  4500  pound  loading. 
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B  .  Flight  Test  Program 

During  the  flight  test  program  the  swing  was  retracted  and  extended  in 
flight,  the  electrical  and  manual  hook  release  systems  were  checked  out, 
and  flights  were  made  with  various  loads  to  reconfirm  the  operating 
characteristics  of  the  swing  principle.  These  flights  are  described 
below.  The  initial  load  was  a  400  pound  concrete-filled  five  gallon 
container.  The  second  was@a  3200  pound  high  density  load,  which  con¬ 
sisted  of  two  concrete  filled  steel  pipes  approximately  twelve  inches 
in  diameter  and  four  feet  long  The  normal  and  emergency  release  mech¬ 
anisms  were  checked  with  these  loads®.  A  1600  pound  empty  Conex  box  was 
then  lifted  and  flown  to  forward  speeds  of  70  knots.  This  box  is  cube 
shaped  with  dimensions  of  each  side  approximately  6'.  This  shape  presents 
a  dynamic  problem  in  forward  flight  and  lateral  oscillations  up  to  30° 
from  the  vertical  were  experienced  during  this  flight.  This  motion, 
coupled  with  simultaneous  rotation  of  the  box  due  to  windloading,  presented 
no  pilot  control  problem.  Vmax  was  limited  to  70  knots  by  the  confines 
of  the  airfield.  With  this  load,  30°  banks  were  executed  at  the  70  knot 
airspeeds . 

No  instrumentation  was  installed  f-or  this  program.  Oscillograph  records 
of  pitch  rate,  roll  rate,  roll  attitude,  longitudinal  stick  position, 
lateral  stick  attitude,  longitudinal  stick  position,  lateral  stick 
position,  and  airspeed  were  taken  during  the  testing  of  the  original 
swing  and  are  presented  in  Appendix  C  of  report  No.  R-177  (Reference  1). 
These  results  are  valid  for  the  modified  cargo  swing  also. 

C.  Results 


During  flight  testing  of  the  modified  swing  assembly  the  method  of  re¬ 
traction  was  proven  to  be  satisfactory  for  a  military  evaluation  of  the 
swing,  although  the  pilot  recommended  the  use  of  a  powered  winch  for 
pilot  control  of  retracting  and  extending  the  swing.  The  redesigned  pin 
joints  at  the  bottom  of  the  parallel  beams  allowed  adequate  ground  clear¬ 
ance  upon  retraction  of  the  swing.  Normal  and  emergency  release  systems 
functioned  perfectly  under  loads  from  400  to  3200  pounds 

The  H-21  helicopter  pitch  and  roll  stability  were  excellent  with  the 
modified  improved  cargo  swing  carrying  the  1600  pound  Conex  box.  The 
redesigned  fuselage  fittings  functioned  as  required  at  Vmax  runs  of  70 
knots  with  lateral  oscillations  of  the  box  to  30°  from  the  vertical  being 
encountered.  During  this  rotation  and  oscillation  of  the  box  the  new 
hook  swivel  proved  to  be  an  "important  addition  to  the  unit.  The  swivel 
feature  eliminates  torsional  moments  induced  on  the  cargo  hook,  arm  by  the 
yawing  motion  of  the  cargo. 
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In  testing  of  the  original  swing  configuration  (Reference  1)  a  2200 
pound  high  density  load  was  carried  with  zero,  five,  and  ten  foot  riser 
cable  lengths  on  the  swing?  In  stabilized  flights  to  50  knots,  rapid 
acceleration  and  deceleration,  sideward  flight  and  quick  rolls  in  both 
directions,  a  maximum  of  257.  of  available  lateral  control  authority  was 
required.  In  direct  comparison  tests  by  the  same  pilot,  as  much  as  75% 
of  available  authority  was  required  for  similar  maneuvers  with  the  stand¬ 
ard  sling  configuration.  A  similar  flight  sequence  was  conducted  in 
original  testing  using  a  3200  pound  high  density  load  and  riser  cable 
lengths  as  above.  The  cargo  swing  maneuvers  required  a  maximum  of  35% 
of  control  authority;  the  same  maneuvers  using  the  standard  sling  re¬ 
quired  to  80%  of  available  authority.  Longer  riser  cable  lengths 
presented  increasing  control  problems  for  the  standard  sling,  but  did 
not  affect  the  operating  characteristics  of  the  cargo  swing. 

During  a  high  speed  run  of  70  knots  on  the  current  program  the  Conex  box 
was  unintentionally  dropped.  This  was  due  to  a  cable  in  the  emergency 
release  being  adjusted  too  short.  After  proper  adjustment,  no  uninten¬ 
tional  hook  releases  were  experienced. 


BIBLIOGRAPHY 


Vertol  Division,  Flight  Test  Evaluation  of  an  Improved  External  Cargo 
System  of  Helicopters.  Report  No.  R-177  (CRD-1159) ,  Vertol  Division, 
Boeing  Airplane  Company,  Morton,  Pennsylvania,  1959. 

Vertol  Division,  Development  of  Improved  Cargo  Sling  System  Incorporating 
Load  Stabilization.  Report  No.  R-186  (CRD- 2659) ,  Vertol  Division,  Boeing 
Airplane  Company,  Morton,  Pennsylvania,  1959. 

Vertol  Division,  Flight  Test  Evaluation  o£  an  Improved  External  Cargo 
Sling  System  for  H-34  Helicopters.  Report  No.  R-237  (TREC  TR61-40), 

Vertol  Division,  Boeing  Airplane  Company,  Morton,  Pennsylvania,  1961. 


pilot  Comments 


A.  FI ight  No's.  C10-X329  (8/27/60) 
and  X330  (8/29/60) 


vj  •  ri  . 

C  .G  . 
Fuel 


10,400# 

1  0 "F  C.G. 
500  lbs. 


Purpose  of  Flights 

Hover  check  on  cargo  swing  sling  retraction  mechanism. 


Comments 


The  swing  sling  was  retracted  and  extended  three  times 
success  fu 1 1 y . 

The  aircraft  was  set  up  for  load-carrying  capabilities. 


B.  FI ight  No.  C10-X331  (8/30/60) 


G.W. 

C.G. 

Fuel 


10,400# 

1  0  "F  C.G 
500  lbs. 


Purpose  of  Flight  . 

FI  ight  evaluation  of  H-21  cargo  swing  si  i ng  and 
retracting  mechanism. 

Comment  s 


A  400  lb.  load  was  picked  up  and  released  electrically 
and  manua 1 1 y . 

A  3,200  lb.  load  was  picked  up  and  released  success¬ 
fully,  electrically  and  manually.  A  1,600  lb.  Conex 
box  was  1 ifted  and  flown  to  70  knots  forward  speed, 
accompanied  by  changes  in  attitude  up  to  ’30°  left  and 
right.  During  this  latter  maneuver  the  load  was  in¬ 
advertently  released.  It  was  found  that  the  cable  re¬ 
leasing  mechanism  was  too  short.  Adjustments  were 
made,  and  preparations  were  i  n  i  t  i  ated-  for  flight  #332. 

C.  FI ight  No.  C10-X332  (8/31/60) 

G.W . s  10,400# 

C.G.  :  1  0"F  C  .G. 

Fuel  ;  500  1 bs  . 
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C.  FI ight  No.  C10-X332  (Continued) 

Pu rpose  of  Flight 

*  »> 

Evaluation  of  H-21  cargo  swing  sling  and  retracting 
mechan i sm . 

Comments 


1.  A  400  lb.  weight  was  picked  up,  and  radical  rolling 
inputs  to  the  left  and  right  were  appl ied  to  check 
the  hold  ability  of  the  hook.  Following  this,  two 
passes  were  made  over  the  photographer  at  60  knots, 
one  with  the  swing  extended  and  one  with  the  swing 
retracted.  Upon  completion  of  this  maneuver,  a 
Conex  box  (1600  lbs.)  was  lifted.  Flights  up  to  70 
knots  forward  speed,  accompanied  by  banks  to  30°,  were 
accomplished  for  the  photographer.  Following  this,  a 
3200  lb.  load  was  picked  up  and  electrical  and  man¬ 
ual  releases  accomplished  satisfactorily. 


D.  FI ight  No.  C 10-X333  (8/31/60 

G.W.:  10,400# 

C.G .  :  1 0"F  C  .G  . 

Fuel :  500  1 bs. 

Purpose  of  Flight 

Flight  demonstration  of  cargo  swing  sling  and  re¬ 
traction  system  for  Ft.  Eustis  personnel. 

Comments 

1.  A  400  lb.  load  was  lifted  and  radical  inputs  applied 
to  the  left  and  right  to  demonstrate  hook  holding 
capabilities  in  extreme  attitudes.  The  extension  and 
retraction  of  the  swing  was  demonstrated  at  60  knots 
forward>  speed.  A  1,600  lb.  Conex  box  was  lifted  and 
flown  to  65  knots  forward  speed,  accompanied  by  co¬ 
ordinated  turns  to  the  left  and  right.  Following  this, 
radical  directional  inputs  to  the  left  and  right  were 
demonstrated  to  check  the  swinging  cha racter i st ics 
of  the  Conex  box.  Directional  inputs  were  applied  to 
both  stops,  left  and  right.  The  TREC0M  personnel  that 
viewed  the  demonstration  were  Captain  McGuire,  Lt. 
Kellogg,  and  Mr.  R.  Aiken. 
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D.  FI  jght  No.  Cl 0-X333  (8/31/60)  (Continued) 
Comments  (Cont'd.)  ® 


2.  The  cargo  swing  sling  was  evaluated  previously;  and 
comments,  as  far  as  handling  characteristics,  are 
the  same  as  listed  previously.  At  no  time  during 
the  radical  lateral  inputs  did  we  exceed  25%  of 
available  control  authority.  The  retraction  mech¬ 
anism  is  satisfactory  for  a  military  evaluation  in 
the  present  configuration.  In  the  event  that  we  are 
fo  do  any  further  testing,  it  is  suggested  that  an 
electric  winch  be  installed  and  a  light  system  be 
installed  on  the  console  so  that  the  pilot  may  be 
able  to  read  swing  position  (up  or  down),  accom¬ 
panied  by  a  switch  so  that  the  pilot  could  retract 
or  extend  the  swing  himself.  This  would  el iminate 
the  need  for  another  man  in  the  aircraft. 


A.  Temple 

Experimental  Test  Pilot 
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MO"1"'  H~21  CargfiwW 


INTRODUCTION 

In  order  to  reduce  the  rolling  and  pitching  moments  im¬ 
posed  on  the  H-21  Helicopter  by  externally  slung  cargo, 
the  subject  cargo  swing  was  designed.  The  cargo  swing  is 
designed  to  locate  the  effective  point  of  suspension  of 
the  cargo  nearer  the  center  of  gravity  of  the  helicopter. 

The  effective  point  of  suspension,  when  utilizing  the  swing, 
ranges  from  approximately  26  inches  to  34  inches  below  the 
normal  c.g.  of  the  H-21  Helicopter  depending  on  the  angle 
of  lateral  swing  of  the  external  cargo  with  respect  to  the 
helicopter.  The  effective  point  of  suspension  of  the 
standard  sling  lies  at  approximately  134  inches  below  the 
normal  c.g.  of  the  H-21  Helicopter.  By  using  the  swing 
concept,  coupling  is  r.educed  between  lateral  motion  of  the 
cargo  and  rolling  motion  of  the  helicopter. 

The  cargo  swing  pivots  at  67  inches  below  the  c.g.  for  longi¬ 
tudinal  motion  compared  to  134  inches  effective  suspension 
point  below  the  c.g.  for  the  standard  sling.  Therefore, 
coupling  between  longitudinal  motion  of  the  load  and  pitch 
of  the  helicopter  is  also  reduced  with  the  cargo  swing  but 
to  a  lesser  degree  than  for  lateral  motion.  The  primary 
consideration  in  the  cargo  swing  design  was  to  improve  the 
rolling  stability  of  the  H-21  Helicopter  when  handling  . 
external  cargo. 

CRITERIA 

The  ultimate  load  is  assumed  acting  anywhere  within  a  cone, 
whose  Internal  angle  is  60°  and  whose  apex  is  30"  below  the 
c.g.  The  axis  of  this  cone  is  normal  to  the  aircraft  water 
line  plane  and  passes  through  the  c.g. 

The  design  load  shall  be: 

5,000#  cargo  @  2.. 67  g  (limit) 

or 

5,000  X  2.6 7  X  1.5  -  20,000#  (ultimate) 

All  symbols  and  material  properties  are  in  accordance  with 
MIL-HDBK-5  (March  1959)  and  Vertol  Structural  Design  Manual 
as  noted  on  Page  ii. 
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SYMBOLS 


A 

D,  d, 

F 

f 

K 

M 

pi 

R 
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Area  (*) 

t,  w  Lug  Dimensions,  as  noted 

<3> 

Allowable  Stress  (*) 
Applied  Stress  (*) 
Concentration  Factor  (*) 
Bending  Moment 
Allowable  Load  (*) 

Stress  Ratio  (*),  Reaction 
Direct  Shear 
Torsional  Moment 
( * ) ’ Used  with  Subscript 


Subscripts 


ALL 
B,  b 
br 
c 

cr 

s 

T,  t 

u 

y 

'T' 


Allowable 

Bending 

Bearing 

Compression,  Column 

Crippling 

Shear 

Tension 

Ultimate 

Yield 

Torsion 
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Fort  Eustis,  Virginia 

Commandant  s 

U.  S.  Coast  Guard 

ATTN:  Chief,  Testing  and  Development  Division 
1300  "E"  Street,  NW 
Washington  25,  D.  C. 

National  Aviation  Facilities  Experimental  Center 

ATTN:  Library 

Atlantic  City,  New  Jersey 

Librarian 

Langley  Research  Center 

National  Aeronautics  &  Space  Administration 
Langley  Field,  Virginia 

Ames  Research  Center 

National  Aeronautics  and  Space  Agency 

ATTN:  Library 

Moffett  Field,  California 

U.  So  Army  Standardization  Group,  U.  K. 

Box  65,  U.  So  Navy  100 
FPO  New  York,  New  York 

Office  of  the  Senior  Standardization  Representative 

U.  S.  Army  Standardization  Group,  Canada 

c/o  Director  of  Equipment  Policy 

Canadian  Army  Headquarters 

Ottawa,  Canada 

Canadian  Army  Liaison  Officer 
Liaison  Group,  Room  208 
U.  S.  Army  Transportation  School 
Fort  Eustis,  Virginia 


(3) 


British  Joint  Services  Mission  (Army  Staff) 
ATTN:  Lt.  Col.  R.  J.  Wade,  RE 
DAQMG  (Mov  &  Tn) 

3100  Massachusetts  Avenue,  N.  W. 

Washington  8,  D.  C.  * 

Commander 

Armed  Services  Technical  Information  Agency 

ATTN:  TIPCR 

Arlington  Hall  Station 

Arlington  12,  Virginia 

Office  of  Technical  Services 

* 

Acquisition  Section 
Department  of  Commerce 
Washington  25,  D.  C. 

Lockheed  Aircraft  Corporation 
Burbank,  California 
ATTN-  Library 

Sikorsky  Aircraft 

Division  of  United  Aircraft  Corporation 
Stratford,  Connecticut 

Hiller  Aircraft  Corporation 
Palo  Alto,  California 
ATTN:  Library 

Doman  Helicopters,  Incorporated 
Danbury  Municipal  Airport 
P.  0.  Box  603 
Danbury,  Connecticut 

Republic  Aviation  Corporation 
Farmingdaie,  Long  Island,  New  York 
ATTN:  Library 

Piasecki  Aircraft  Corporation 
Island  Road,  International  Airport 
Philadelphia,  Pennsylvania 

•V 

Bell  Helicopter  Company 

Division  of  Bell  Aerospace  Corporation 

P.  0.  Box  482 

Fort  Worth  1,  Texas 

ATTN:  Library 


Hughes  Tool  Company 
Aircraft  Division 
Culver  City,  California 
ATTN:  Library 
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Kaman  Aircraft  Corporation 
Bloomfield,  Connecticut 
ATTN:  Library 

Kellett  Aircraft  Corporation 
P.  0.  Box  35 

Willow  Grove,  Pennsylvania 
ATTN:  Library 

McDonnell  Aircraft  Corporation 
St  Louis,  Missouri 
ATTN:  Library 


UNCLASSIFIED 


UNCLASSIFIED 


